Although maturation or M-phase-promoting factor (MPF) was originally identified as a cytoplasmic activity responsible for induction of maturation or meiosis reinitiation in oocytes, MPF is now thought to be the universal trigger of G2/M-phase transition in all eukaryotic cells, and its activity is ascribed to cyclin B ⅐ Cdc2 kinase. Here, the activation process of cyclin B ⅐ Cdc2 at meiosis reinitiation in starfish oocytes is compared with that at G2/M-phase transition in mitotic somatic cells. Based on this comparison, the role of cyclin B ⅐ Cdc2 in the original cytoplasmic MPF activity is reexamined.
In the final step of oogenesis, immature oocytes of most animals are arrested at the prophase of the first meiotic cycle. The prophase arrest is released by maturationpromoting factor (MPF) that is activated in the oocyte cytoplasm in response to a maturation-inducing hormonal stimulus at the oocyte surface (for reviews see Masui and Clark, 1979; Kishimoto, 1999) . MPF was originally identified more than 25 years ago functionally as a cytoplasmic activity of maturing oocytes that upon transfer causes recipient immature oocytes to undergo meiosis reinitiation without hormonal stimulation or protein synthesis (Masui and Markert, 1971; Smith and Ecker, 1971; Kishimoto and Kanatani, 1976) . Around 1980 MPF activity was demonstrated in M-phase extracts of mitotic somatic cells including yeast to mammals, and hence MPF was renamed as a M-phase-promoting factor that implys a universal M-phase inducer common to all eukaryotic cells (see Kishimoto et al., 1982;  for review see Kishimoto, 1988) . In parallel with development of MPF, historically there were two separate researches. One originated from cdc2 gene which was identified in the fission yeast as a key regulator for entry into both M-phase and S-phase (see Nurse, 1990) . The other was mitotic cyclins which were first discovered in the early cleavage cycles of surf clam and sea urchin as the most abundantly synthesized proteins whose levels fluctuate along with the cell cycle peaking at each M-phase (see Hunt, 1989) . Due to the convergence of these three separate researches at the end of 1980s, the M-phase-inducing activity contained in MPF was ascribed to a Ser/Thr kinase, the complex of B-type cyclin, and Cdc2, a homolog of the fission yeast cdc2 gene product (for reviews see Hunt, 1989; Nurse, 1990) . Accordingly, it is generally accepted these days that MPF is identical to cyclin B ⅐ Cdc2 kinase and that the release from the first meiotic prophase arrest in oocytes is equivalent to the G2/M-phase transition in mitotic somatic cells.
In contrast to these current notions, this article compares the activation process of cyclin B ⅐ Cdc2 at meiosis reinitiation in starfish oocytes with that at G2/M-phase transition in mitotic somatic cells. Based on these comparisons, the identity of cytoplasmic MPF will be reconsidered as the sole complex required to initiate complete activation of cyclin B ⅐ Cdc2 during meiosis reinitiation. Potential roles for nuclear factors are suggested.
induction are already present (for reviews see Coleman and Dunphy, 1994; Lew and Kornbluth, 1996) : an inactive form of cyclin B ⅐ Cdc2 in which all of Thr14, Tyr15, and Thr161 residues of Cdc2 are phosphorylated; its direct activator Cdc25C, which dephosphorylates both Thr14 and Tyr15 of Cdc2; and its direct inactivators Wee1 and Myt1, which phosphorylate Tyr15 and Thr14 of Cdc2, respectively (Fig. 1) . The balance between these activators and inactivators is inclined to the inactivation of cyclin B ⅐ Cdc2 during G2-phase. At entry into M-phase the balance is tipped to the opposite side, initiating the activation of cyclin B ⅐ Cdc2 in which only Thr161 of Cdc2 remains phosphorylated. However, it is still unclear in vivo what actually tips the balance, although in vitro the sole addition of Cdc25C can convert the inactive form of cyclin B ⅐ Cdc2 to the active form.
In mitotic somatic cells there are two possible candidates which could tip the balance: Cdc25B (Baldin et al., 1997; Gabrielli et al., 1997; Lammer et al., 1998; Nishitani et al., 1997) and polo-like kinase (Plk) (for reviews see Glover et al., 1998; Nigg, 1998) . Increase in protein amount of Cdc25B at the end of G2-phase and/or Plk-dependent phosphorylation and activation of Cdc25C may trigger the initial activation of cyclin B ⅐ Cdc2. Thereafter, well-known feedback loops function for further and rapid activation of cyclin B ⅐ Cdc2 (for reviews, Coleman and Dunphy, 1994; Lane and Nigg, 1997; Glover et al., 1998) : in one pathway active cyclin B ⅐ Cdc2 upregulates Plk and Cdc25C, while in another pathway cyclin B ⅐ Cdc2 downregulates Wee1 and Myt1. These regulations depend mainly on phosphorylation, while partial degradation may occur in Wee1 (Michael and Newport, 1998) . In addition, the cyclin A ⅐ Cdc2 complex which is already active at the G2/M-phase border in somatic cells may be involved in the activation of cyclin B ⅐ Cdc2 possibly via the downregulation of Wee1 and Myt1 pathway (Devault et al., 1992; Pagano et al., 1992; OkanoUchida et al., 1998) (Fig. 1) .
To ensure the faithful timing of the G2/M-phase transition, checkpoint control functions during G2-phase in response to damaged or unreplicated DNA in somatic cells. Chk1 and/or Chk2/Cds1, which are activated in the downstream of Rad3/ATM, phosphorylate Thr216 of Cdc25C, causing its association with 14-3-3 protein and resulting in the exit of Cdc25C from nucleus to cytoplasm (for reviews see Nurse, 1997; Russell, 1998; Pines, 1999) . Thus, Cdc25C function is suppressed due to regulation of its intracellular localization and, accordingly, the G2/M-phase transition is prevented.
STARFISH OOCYTE SYSTEM
Fully grown immature oocytes of the starfish have a large nucleus called the germinal vesicle and are arrested at the first meiotic prophase (for reviews see Kishimoto, 1998 Kishimoto, , 1999 . The prophase arrest is released in response to a starfish maturation-inducing hormone, 1-methyladenine (1-MeAde), which acts on the oocyte surface (Kanatani et al., 1969) . Germinal vesicle breakdown (GVBD; nuclear disassembly) manifesting meiosis reinitiation occurs in 20 min independently of new protein synthesis. Thereafter, in the absence of fertilization, the first and the second meiotic cycles are completed in 60 and 100 min, respectively, without any arrest, resulting in mature eggs with a haploid female pronucleus arrested at G1-phase (at least in Asterina).
Immature starfish oocytes already contain latent forms of cyclin B ⅐ Cdc2, Cdc25, MAP kinase (MAPK), MAPK kinase (MEK), and Plk, while a Wee1-like kinase, possibly Myt1, is highly active (see below) although Wee1 itself and cyclin A are lacking (see Kishimoto, 1998) (Fig. 2) . After 1-MeAde addition, cyclin B ⅐ Cdc2 is activated halfway at 10 min and fully at 20 min when GVBD commences (Ookata et al., 1992) . Soon after GVBD (Abrieu et al., 1997; Tachibana et al., 1997) , MAPK is activated by a newly synthesized starfish homolog of Mos which functions as a MEK kinase (Tanaka and Tachibana, in preparation) . Plk is also activated after cyclin B ⅐ Cdc2 activation, but independently of new protein synthesis (Okano-Uchida, in preparation).
FIG. 1.
Model for the activation process of cyclin B ⅐ Cdc2 at G2/M-phase transition in mitotic somatic cells. During G2-phase, the balance between Cdc25C-dependent activation and Wee1/ Myt1-dependent inactivation is inclined to the inactivation of cyclin B ⅐ Cdc2 (indicated by shadows). At entry into M-phase the balance is inverted to initial activation of cyclin B ⅐ Cdc2 possibly via Cdc25B and/or Plk-dependent processes. Partial degradation of Wee1 and/or cyclin A-dependent suppression of Wee1/Myt1 activity may also participate in the initial activation of cyclin B ⅐ Cdc2. Thereafter, feedback control depending on active cyclin B ⅐ Cdc2 upregulates Cdc25C and downregulates Wee1/Myt1, resulting in further and rapid activation of cyclin B ⅐ Cdc2.
Thereafter, synthesis of cyclin A (Okano- Uchida et al., 1998) , cyclin E (Nagayama and Tachibana, unpublished), and Wee1 (Okano-Uchida, unpublished) begins around the end of first meiotic cycle. Thus, at meiosis reinitiation in starfish oocytes, activation of cyclin B ⅐ Cdc2 is initiated in the absence of activities of cyclin A ⅐ Cdc2, MAPK, and Plk. At present, only one type of Cdc25, which is most related to Drosophila twine (see Ashcroft et al., 1998) , is detectable in starfish oocytes, and its protein levels remain constant during oocyte maturation and early embryonic cell cycles (Okano-Uchida et al., 1998) . The molecular background in immature starfish oocytes is thus relatively simple compared to typical mitotic somatic cells described above (compare Figs. 1 and 2) and Xenopus oocytes (for review see Sagata, 1997) in which MAP kinase is activated prior to and essential for cyclin B ⅐ Cdc2 activation at meiosis reinitiation.
IN VIVO ACTIVATION OF CYCLIN B ⅐ Cdc2 IN STARFISH OOCYTES
When purified active cyclin B ⅐ Cdc2 is injected into immature starfish oocytes at subthreshold levels for GVBD induction, its histone H1 kinase activity is not maintained in recipient immature oocytes but decreases due to phosphorylation at Thr14 and Tyr15 of Cdc2 (Picard et al., 1991; Okumura et al., 1996) . This implies that the inactivator for cyclin B ⅐ Cdc2, possibly Myt1, is highly active and surpasses Cdc25 in immature starfish oocytes.
How then is the activation of cyclin B ⅐ Cdc2 initiated in response to 1-MeAde? Okumura et al. (1996) produced an intermediate state called "triggered oocytes," in which 1-MeAde signaling is already transduced by its addition, but Cdc25 activity is prevented due to the injection of neutralizing anti-Cdc25 antibody, and, accordingly, cyclin B ⅐ Cdc2
FIG. 2.
Cell cycle regulators during meiosis reinitiation in starfish oocytes. In G2-phase immature oocytes arrested at the first meiotic prophase (Pro I), the inactive form of cyclin B ⅐ Cdc2, the dephosphorylated form of Cdc25, and Myt1-like activity are present. In contrast to mitotic somatic cells, both cyclin A and Wee1 are lacking in G2-phase oocytes and are newly synthesized at the end of the first meiotic cycle. At release from prophase arrest, partial phosphorylation of Cdc25 together with the suppression of Myt1-like activity is followed by initial activation of cyclin B ⅐ Cdc2. Thereafter, Plk activation, germinal vesicle breakdown (GVBD; nuclear envelope disassembly) and MAP kinase (MAPK) activation occur sequentially, accompanied by further activation of cyclin B ⅐ Cdc2 and further phosphorylation of Cdc25. Meta I, first meiotic metaphase; Ik, interkinesis period. remains inactive. In contrast to normal immature oocytes, in these triggered oocytes subthreshold level of the injected active cyclin B ⅐ Cdc2 is no longer inactivated, indicating that the activity of Myt1-like inactivator is suppressed in the absence of the cyclin B ⅐ Cdc2 activation. In addition, Cdc25 is partially phosphorylated in triggered oocytes, indicating that Cdc25 is also modified in the absence of the cyclin B ⅐ Cdc2 activation. Two-dimensional phosphopeptide mapping reveals the appearance of a novel spot in triggered oocytes which does not depend on phosphorylation by cyclin B ⅐ Cdc2 (Kozutsumi and Okumura, unpublished). Based on these observations, we proposed that a putative "suppressor" for the Myt1-like inactivator and a putative "initial kinase" for Cdc25 start to function in response to 1-MeAde signaling but in the absence of cyclin B ⅐ Cdc2 activity (Okumura et al., 1996) . Both should be involved in the primary step for cyclin B ⅐ Cdc2 activation, whereby the balance between the inactivator and the activator is reversed toward the activation (Fig. 3(1) ).
At present, molecular identities for the suppressor and the initial kinase are unclear, while a possibility is not excluded that both are identical molecules. In Xenopus egg extracts, "trigger kinase," which is thought to be equivalent to the present initial kinase, was proposed, although its molecular nature is unknown as well (Izumi and Maller, 1995) . At meiosis reinitiation in Xenopus oocytes, p90 rsk , which is directly activated by MAPK, is likely to exhibit a suppressor-like activity (Palmer et al., 1998) . Considering the molecular background in immature starfish oocytes, however, Plk, cyclin A ⅐ Cdc2, MAPK-dependent process, and another type of Cdc25 such as Cdc25B are not candidates for the initial kinase and the suppressor. After the initial activation, cyclin B ⅐ Cdc2 may be activated further via well-described feedback loops in starfish oocytes as well as in mitotic somatic cells (Fig. 3(2) ). Thus, the activation process of cyclin B ⅐ Cdc2 at meiosis reinitation in starfish oocytes should be discriminated into two steps, the primary activation, which depends on both the initial kinase and the suppressor, and the secondary activation, which depends on initially activated cyclin B ⅐ Cdc2 (see below).
INTRACELLULAR LOCALIZATION OF CYCLIN B ⅐ Cdc2 AND ITS REGULATORS
Cyclin B ⅐ Cdc2 is localized apparently in the cytoplasm of immature starfish oocytes (Ookata et al., 1992) . As reported recently in somatic cells at G2-phase (Hagting et al., 1998; Toyoshima et al., 1998; Yang et al., 1998) , the inactive form of cyclin B ⅐ Cdc2 is shuttling between cytoplasm and germinal vesicle in immature starfish oo-
FIG. 3.
Model for the activation process of cyclin B ⅐ Cdc2 at meiosis reinitiation in starfish oocytes. In G2-phase immature oocytes arrested at the first meiotic prophase, the balance between Cdc25-dependent activation and Myt1-like-dependent inactivation is inclined to the inactivation of cyclin B ⅐ Cdc2 (indicated by shadows). At release from prophase arrest, the balance is inverted to initial activation of cyclin B ⅐ Cdc2 by putative initial kinase-dependent phosphorylation of Cdc25 and putative suppressor-dependent loss of Myt1-like activity, constituting the primary activation of cyclin B ⅐ Cdc2 possibly in the cytoplasm (1). Thereafter, feedback control depending on active cyclin B ⅐ Cdc2 upregulates Cdc25 and Plk and downregulates Myt1-like activity, constituting the secondary activation of cyclin B ⅐ Cdc2 in the cytoplasm or germinal vesicle (2). In addition, germinal vesicle contents may contribute to the cyclin B ⅐ Cdc2 activity likely via support for Cdc25, constituting the tertiary activation of cyclin B ⅐ Cdc2 (3). cytes as well. In fact, the so-called cytoplasmic retention signal (CRS) region (Pines and Hunter, 1994) of starfish cyclin B exhibits nuclear export signal (NES) activity (Okumura, unpublished). The apparent cytoplasmic localization of cyclin B ⅐ Cdc2 in immature oocytes indicates that its nuclear export is more efficiently performed than its nuclear import, which may depend on a direct interaction with importin ␤ (Moore et al., 1999) .
As suggested by the observation that cyclin B ⅐ Cdc2 is fully activated in enucleated immature oocytes following 1-MeAde addition (Picard et al., 1988) , the major part of Cdc25 is localized in the cytoplasm of immature starfish oocytes despite its putative bipartite nuclear localization signal (NLS) (see Izumi et al., 1992; Okumura, unpublished) . The apparent disparity may be explained as follows. Recently Nakajo et al. (1999) demonstrated that the G2-phase checkpoint kinase, Chk1, is involved in the prophase arrest of immature Xenopus oocytes. Chk1 is also active in immature starfish oocytes as well (Kozutsumi and Okumura, unpublished) . If so, Chk1 may phosphorylate Cdc25 and cause its export from germinal vesicle in a manner demonstrated recently in fission yeast (see Russell, 1998; Pines, 1999) . The meiotic G2-phase arrest of immature oocytes thus might share some features with the G2-phase checkpoint controldependent arrest in mitotic somatic cells. Maturationinducing hormone, 1-MeAde signal, appears to override the Chk1-dependent prevention.
Myt1-like activity is also detectable in enucleated immature starfish oocytes, indicating its localization at least in the cytoplasm (Okumura et al., 1996) . The triggered state can be produced in enucleated starfish oocytes, that is, the activity of both the initial kinase and the suppressor is detectable in oocytes in which germinal vesicle is removed previously (Okumura et al., 1996) . Thus, all of Cdc25/its initial kinase and Myt1-like inactivator/its suppressor are present in the cytoplasm, and hence the primary activation of cyclin B ⅐ Cdc2 most likely occurs in the cytoplasm of starfish oocytes.
Thereafter, cyclin B ⅐ Cdc2 accumulates in the germinal vesicle just before its breakdown (Ookata et al., 1992) . This is thought to be due to inactivation of nuclear export by phosphorylation in CRS region (Yang et al., 1998; Okumura, unpublished) . Simultaneously, Cdc25 accumulates in the germinal vesicle (Okumura, in preparation) , as reported for Cdc25C in BHK cells from golden hamster (Seki et al., 1992) and in Xenopus oocytes . Comparison of the timing between the nuclear accumulation of cyclin B ⅐ Cdc2 and the increase in histone H1 kinase activity strongly supports the idea that the secondary activation of cyclin B ⅐ Cdc2 precedes its nuclear accumulation. There is no indication, however, whether the secondary activation of cyclin B ⅐ Cdc2 and the phosphorylation of CRS region occur either in the cytoplasm or in the germinal vesicle.
STARFISH MPF AND GERMINAL VESICLE
Cytoplasm obtained from maturing oocytes which have undergone GVBD following 1-MeAde treatment is effective in inducing GVBD upon injection into the cytoplasm of immature starfish oocytes. Neither injected 1-MeAde itself nor cytoplasm from untreated immature oocytes has this effect. These observations were the basis for identifying starfish MPF over 20 years ago (Kishimoto and Kanatani, 1976) . In an original definition, MPF is a cytoplasmic activity which mediates maturation-inducing hormonal stimulus from the oocyte surface to the germinal vesicle. Accordingly, MPF activity should be principally detectable in the cytoplasm prior to GVBD following hormone treatment, as shown at first in Rana oocytes (Masui and Markert, 1971 ). In starfish oocytes, however, cytoplasmic MPF activity is very hard to detect until the occurrence of GVBD (Kishimoto and Kanatani, 1976; Kishimoto, unpublished) even though cyclin B ⅐ Cdc2 is almost fully activated already before GVBD (Ookata et al., 1992) . Instead, germinal vesicle contents obtained prior to GVBD from 1-MeAdetreated oocytes exhibit GVBD-inducing activity upon injection into the cytoplasm of untreated immature oocytes (Picard and Doree, 1984; Okumura, unpublished) . MPF activity is thus detectable in the germinal vesicle rather than in the cytoplasm until GVBD in maturing starfish oocytes. Localization of MPF activity in the germinal vesicle may simply reflect the accumulation, and accordingly higher concentration, of active cyclin B ⅐ Cdc2 in the germinal vesicle. Alternatively, cyclin B ⅐ Cdc2 may undergo a tertiary activation in the germinal vesicle (see below; Fig. 3 ), in addition to its primary activation in the cytoplasm and the secondary activation, depending on the usual feedback control.
Other experiments support the idea of a tertiary activation process of cyclin B ⅐ Cdc2 in the germinal vesicle. Upon transfer of the cytoplasm from enucleated and 1-MeAdetreated oocytes, MPF activity is almost undetectable in recipient immature oocytes with the germinal vesicle (Kishimoto et al., 1981; Picard and Doree, 1984; Picard et al., 1988) , despite the normal activation of cyclin B ⅐ Cdc2 in these enucleated donor oocytes (Picard et al., 1988) . Surprisingly, MPF activity can be restored by giving back germinal vesicle material into enucleated donor oocytes. In addition, injection of only germinal vesicle contents from untreated immature oocytes into the cytoplasm is occasionally sufficient to activate cyclin B ⅐ Cdc2 and cause GVBD in recipient immature oocytes (Picard and Doree, 1984; Picard et al., 1991; Okumura, unpublished) . These observations indicate that the germinal vesicle material from donor oocytes might support the cyclin B ⅐ Cdc2 activity in the cytoplasm of recipient oocytes. If so, at normal meiosis reinitiation following 1-MeAde treatment, cyclin B ⅐ Cdc2 and Cdc25, which accumulate in the germinal vesicle, might receive such a support for their activity from germinal vesicle contents (Fig. 3(3) ). This step in the germinal vesicle would constitute the tertiary activation of cyclin B ⅐ Cdc2, which either coincides with the secondary activation in the germinal vesicle or occurs after the secondary activation in the cytoplasm.
What kind of support then would be provided in the germinal vesicle? In terms of histone H1 kinase activity, the purified cyclin B ⅐ Cdc2 needs one order higher level than cytoplasmic MPF does for the induction of GVBD when injected into the cytoplasm of immature starfish oocytes (Okumura et al., 1996) . This may be explained if germinal vesicle materials contained in cytoplasmic MPF could support Cdc25 and/or suppress Myt1-like inactivator. In this connection, Picard et al. (1991) reported that the germinal vesicle contents can be mimiced by okadaic acid which contributes to the activation of Cdc25. Furthermore, Picard and Peaucellier (1998) demonstrated recently that upon injection of cytoplasmic MPF into the cytoplasm of immature oocytes, cyclin B ⅐ Cdc2 contained in cytoplasmic MPF is inactivated once in the recipient but eventually it is reactivated, resulting in GVBD. Thus, it is likely that germinal vesicle material might support the cyclin B ⅐ Cdc2 activation via a contribution to its activator, Cdc25, which accumulates in the germinal vesicle. It is plausible that this support includes upregulation of the Plk pathway and/or downregulation of Chk1 pathway, while involvement of germinal vesicle material in the suppression of the Myt1-like inactivator is not excluded. Alternatively, Abrieu et al. (1997) proposed an MAPK-activating system as the responsible component of germinal vesicle, based on MAPK activation in their starfish oocytes depending on germinal vesicle material. In our hands, however, MAPK is normally activated following 1-MeAde addition in enucleated oocytes as well (Okano-Uchida, unpublished).
Although involvement of germinal vesicle contents in MPF activity has been studied mainly in starfish oocytes, historically an MPF-like activity in germinal vesicle was at first detected in maturing oocytes of Bufo before the designation of MPF by Masui and Markert (Dettlaff et al., 1964) . Cytoplasmic MPF activity depends to some extent on the presence of germinal vesicle in axolotl as well (Gautier, 1987) . In Xenopus oocytes Iwashita et al. (1998) recently demonstrated that cyclin B ⅐ Cdc2 is less activated in the absence of germinal vesicle at meiosis reinitiation and that injection of germinal vesicle materials into the cytoplasm of immature oocytes either accelerates the cyclin B ⅐ Cdc2 activation following progesterone treatment or causes significant its activation without progesterone. These observations indicate the presence in the germinal vesicle of some factor(s) supporting the cyclin B ⅐ Cdc2 activation in Xenopus oocytes as well, although its apparent effect is not always the same as that in starfish oocytes.
Taken together, active cyclin B ⅐ Cdc2 is without doubt indispensable for MPF activity (Lohka et al., 1988; Labbe et al., 1989 ; see also Okumura et al., 1996) , but the current view that cyclin B ⅐ Cdc2 is equivalent to the initially defined MPF activity should be reconsidered based on the implication of germinal vesicle. The germinal vesicle contents could make an essential contribution to the original cytoplasmic MPF in supporting the activation of cyclin B ⅐ Cdc2. These considerations might at least partially explain previous notions which suggested multiple forms or additional components of MPF (Wasserman and Masui, 1976; Kuang et al., 1991; Meikrantz and Schlegel, 1992; Okumura et al., 1996 ; see also Kishimoto, 1996) .
CONCLUDING REMARKS
Based on the foregoing discussion, it is proposed that the activation process of cyclin B ⅐ Cdc2 consists of three steps at meiosis reinitiation in starfish oocytes. The primary activation depends on both the putative initial kinase, which activates Cdc25, and the putative suppressor, which inhibits Myt1-like activity; the secondary activation depends on feedback loops initiated by the active cyclin B ⅐ Cdc2; and the tertiary activation depends on the germinal vesicle contents, which possibly support Cdc25 activity. MPF activation may involve all of these three steps, which require more than the initial and the secondary activation of cyclin B ⅐ Cdc2 (see Fig. 3 ).
Most urgent will be the elucidation of the molecular identity of the initial kinase, the suppressor, and the responsible component(s) in the germinal vesicle. If the initial kinase and the suppressor are identified, unraveling of the complete pathway from 1-MeAde signaling to cyclin B ⅐ Cdc2 activation would not be a fantasy, since a putative 1-MeAde receptor in the oocyte surface couples with heterotrimeric G-protein to release the ␤␥ subunit (Jaffe et al., 1993) , which may activate PI3-kinase (Sadler and Ruderman, 1998) . Initial kinase and suppressor might not be so far downstream of PI3-kinase, as this process requires no new synthesis of proteins.
Most of the notions presented in this article may appear to be specific to starfish oocytes. Historically, however, the study of starfish oocyte maturation made an essential contribution to the revelation of the universal control mechanism of M-phase (see Kishimoto, 1996) . Why should not the starfish system continue to contribute to the unraveling of universality in the cell cycle control along with other more well-known model organisms such as yeast, Drosophilla, Xenopus, and mouse?
